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Abstract
Objective The objective of this paper was to determine
the effect of neuromuscular blockade (NMB) on working
space in a porcine laparoscopy model.
Background Conflicting results on the effect of NMB on
laparoscopic working space are found in literature. Almost
all studies are limited by absence of objective assessment
of working space or use surrogate outcomes.
Methods In a standardized porcine laparoscopy model,
laparoscopic working-space dimensions with and without
NMB were investigated in 16 animals using computed
tomography at intra-abdominal pressures of 0, 5, 10, and
15 mmHg during multiple runs of abdominal insufflation.
Results No statistically significant effect of NMB on
abdominal dimensions and laparoscopic working-space
volume was found during CO2 pneumoperitoneum. In con-
trast, the effect of pre-stretching of the abdominal wall by a
previous abdominal insufflation was found to be significant.
Conclusions This experimental study confirms the results
from several clinical studies that NMB does not influence
laparoscopic working space. Studies dealing with working
space during laparoscopy should take note of pre-stretching
bias.
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Optimizing working space is essential for safe and efficient
minimal access surgery (MAS) [1–4]. It seems logical to assume
that decreasingmuscle tone by neuromuscular blockade (NMB)
will have a positive effect onworking space during laparoscopic
surgery. However, the available literature on this subject is
scarce and does not support this assumption, neither experi-
mentally [5] nor clinically [6–8]. Almost all clinical studies used
surgeon’s subjective assessment of working space [6–10] or the
duration of surgery [7–11] as endpoints. In addition, the level of
neuromuscular block was not well documented in some of the
studies [7, 8]. As working space in laparoscopic surgery is
strongly related to the age/size of the patient, it becomes more
critical in small children [12]. Even a small gain in working
space can markedly improve surgical conditions in this patient
group. To measure the effect of various interventions on lapa-
roscopic working space, we have previously developed a por-
cine model with standardized anesthesiologic and surgical
techniques [13]. Computed tomography (CT) was used to
accurately measure laparoscopic working-space dimensions.
Thepresent studyevaluates the effect ofNMBand its reversal on
laparoscopic working-space dimensions in this animal model.
Methods
Animals
Sixteen juvenile Landrace pigs, weighing approximately
20 kg, were studied. For reasons of homogeneity, we chose
to study only female animals. Approval was obtained from
the institutional animal ethics committee.
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Anesthesia
Pigs were subjected to a similar anesthesiologic protocol as
used in prior experiments [13]. In short, premedication
consisted of intra-muscular midazolam (1 mg/kg) and
ketamine (30 mg/kg). After cannulation of an auricular
vein, anesthesia was induced with propofol (1.5 mg/kg)
and sufentanil (5 mcg/kg). Next, tracheotomy was per-
formed. Anesthesia was maintained with intravenous
sufentanil (4 mcg/kg/h) and propofol (8 mg/kg/h).
Mechanical ventilation was volume-controlled (10 ml/kg)
with a positive end expiratory pressure (PEEP) of
5 cmH2O. Tidal volumes were kept constant, respiratory
rate was adjusted to maintain end-tidal CO2 (ETCO2)
between 4.5 and 7.0 kPa. Vascular access to the carotid
artery and internal jugular vein was established. Regular
sampling of blood for hematocrit and blood gas analysis
was done. Core temperature, heart rate (HR), mean arterial
blood pressure (MAP), respiratory rate (RR), peak inspi-
ratory airway pressure (PIP), and ETCO2 were measured
continuously. Normothermia was maintained during the
experiments using an electric heating blanket.
CO2 pneumoperitoneum and CT scanning
Here also, a technique similar to the one used in prior
experiments was used [13]. In short, a radially expanding
trocar (VersaStepTM, Covidien, Dublin, Ireland) was
placed in the midline a few centimeter above the
umbilicus. The correct intra-abdominal position was
verified endoscopically. When hemodynamic and respi-
ratory parameters were stable, pigs were transported
from the laboratory facility to the CT scanner. After the
pig was installed on the scanning tray, an electronic CO2
insufflator was attached to the abdominal trocar.
Abdominal CO2 insufflation with a stepwise increase of
IAP from 0 to 5, 10, and 15 mmHg was performed
(insufflation-run). At each level of intra-abdominal
pressure (IAP), a 5 min waiting period was taken into
account for stabilization of blood pressure, PIP and
ETCO2. Thorax and abdomen were then scanned. To
minimize respiratory motion artifacts, scans were made
during an expiratory-hold maneuver while maintaining
PEEP at 5 cmH2O. Scanning at each IAP level took
approximately 5 s. Pigs were sacrificed after completion
of all scans.
Neuromuscular blockade
In all animals, neuromuscular function was monitored
continuously by acceleromyography at the quadriceps
femoris muscle using the TOF Guard (Organon Teknika
NV, Turnhout, Belgium). The femoral nerve was
stimulated using surface pediatric electrodes. After stabil-
ization and calibration of the train of four (TOF) signal,
repetitive TOF stimulation was performed every 15 s,
using supra-maximal stimuli of 2 ms. The TOF ratio is the
height of the fourth twitch, compared to the first twitch
height (T4/T1). During deep NMB, there is no response to
TOF stimulation. When all four responses to TOF stimu-
lation are present and the TOF ratio is[90 %, NMB is
considered to be fully recovered [14]. Rocuronium was
used for muscle paralysis. A bolus of 1.4 mg/kg
(2 9 ED90, i.e., twice the effective dose at which 90 % of
subjects in the pig population is paralyzed) was followed
by continuous administration of rocuronium 4 mg/kg/hour
under TOF guidance. When T1 reappeared, another bolus
of rocuronium ED90 was administered. For reversal of
NMB, sugammadex (4 mg/kg) was used. Its effect on
neuromuscular function was also monitored with the TOF-
Guard.
By predetermined randomization, half of the animals
(group A) received no NMB during the first and second run
of stepwise abdominal insufflation up to an IAP of
15 mmHg. In this way, the effect of pre-stretching of the
abdominal wall on working-space dimensions could be
measured. After NMB, a third insufflation-run was per-
formed and after reversal of NMB a fourth one. This was
done to measure the additional effect of NMB and its
reversal on working-space dimensions.
In the other eight animals (group B), NMB was attained
prior to the first insufflation-run and maintained during the
second insufflation-run. A third insufflation-run was per-
formed after reversal of NMB.
Outcome measures
To establish homogeneity of the animals, body weight and
total length of the first five lumbar vertebrae were mea-
sured [15]. Core temperature, HR, MAP, RR, PIP, ETCO2,
and TOF were recorded at each level of IAP. Pneumo-
peritoneum volumes and working-space linear dimensions
(Fig. 1) were measured in Osirix using a dataset of 1-mm
slices [16]. With the definition of appropriate thresholds,
semiautomatic detection of CO2 in the abdomen could be
done on transverse slices, which could be integrated to a
total volume of CO2 pneumoperitoneum [17]. All volumes
were visually checked for inadvertent inclusion of gas in
the bowel. For the linear dimensions, maximal internal
antero-posterior diameter of the abdomen (anterior perito-
neal lining to the anterior vertebral column) and maximal
internal transverse diameter were measured in a transverse
plane at the level of the umbilicus. The maximal distance
between the upper border of the pubic symphysis and the
highest diaphragmatic peritoneal lining was measured in a
mid-sagittal plane (Fig. 1).
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Statistics
Normality of the volume and cardiorespiratory data was
confirmed by visual assessment and using a Shapiro–Wilk
test. Data are presented as means with standard deviations
(SDs), except for the intra-abdominal CO2 volumes where
standard errors of the mean (SEM) were used. Differences
between groups in body weight, lumbar length, and car-
diorespiratory data were assessed using independent sam-
ples t tests. Differences in cardiorespiratory data within the
same animal were assessed using paired samples t tests. A
two-tailed p value of\.05 was considered significant. To
estimate the effects of IAP, pre-stretching, and NMB on
working-space volume, a linear mixed model was used. In
this analysis, only the data from the first and second
insufflation-run were used. This was done for reasons of
homogenicity, hereby excluding the unknown additional
effect of multiple runs of insufflation. In the linear mixed
model, the main effects of pressure, pre-stretching, and
NMB were included as independent variables. Two-way
interaction effects of IAP, pre-stretching, and NMB were
added to the model if the effect was statistically significant.
All independent variables were treated as categorical
variables. To account for the within-subject correlations, a
random intercept and a random main effect of IAP were
included for each pig.
Results
Homogeneity of the pigs
Mean body weight for all pigs was 23.2 kg (SD 1.28).
Mean length of the first five lumbar vertebrae was 11.8 cm
(SD .33). No statistically significant differences in body
weight and lumbar length existed between the animals in
group A and B.
Cardiorespiratory parameters
Values for all cardiorespiratory parameters during the first
insufflation-run are shown in Table 1. A statistically sig-
nificant increase in PIP and ETCO2 from baseline
(IAP = 0 mmHg) occurred during the first insufflation-run
Fig. 1 CT-images and reconstructions showing working-space dimensions. AP antero-posterior (anterior peritoneal lining to the anterior
vertebral column)
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at an IAP greater than 10 mmHg (p =\.01 in both group
A and B at IAPs of 10 and 15 mmHg). A minor increase in
RR (p = .197) was necessary at the end of the first insuf-
flation-run to maintain ETCO2 below 7 kPa in group A at
an IAP of 15 mmHg. During the first insufflation-run,
MAP increased in both groups when compared to baseline.
In group A, the increase was not statistically significant. In
group B, however, MAP showed a statistically significant
increase during the first insufflation-run (p\ .01 at all
IAPs[ 0). When comparing the effect of IAP on MAP
between groups A and B, statistically significant differ-
ences existed during the first insufflation-run at an IAP of
10 (p = .038) and 15 mmHg (p\ .01). The effects found
during the second insufflation-run were similar (data not
shown). No statistically significant other changes were
found.
Neuromuscular blockade
In group A, TOF ratio was always above 91 % before
NMB, below 4 % with NMB, and above 99 % after
reversal of NMB. In animals in group B, TOF ratio was
always below 5 % with NMB and above 92 % after its
reversal.
CO2 pneumoperitoneum (working-space dimensions)
The observed mean CO2 pneumoperitoneum volumes
during the insufflation-runs for group A and B are shown in
Table 2. In the mixed model analysis, the effects of IAP
and pre-stretching as well as the interaction effect of IAP
and pre-stretching were statistically significant (p\ .01).
The estimated effect of NMB was not statistically sig-
nificant (value 196 ml, p = .495, 95 % confidence interval
-404 to 796 ml). The effect of pre-stretching, however,
was highly significant (p\ .01).
In group A, pre-stretching resulted in an increase in
mean CO2 pneumoperitoneum volume of 21 % at a repeat
IAP of 5 mmHg, 7 % at a repeat IAP of 10 mmHg, and
3 % at a repeat IAP of 15 mmHg. In group B, mean CO2
pneumoperitoneum volume showed an increase during the
second insufflation-run of 19 % at a repeat IAP of
5 mmHg, 8 % at a repeat IAP of 10 mmHg, and 4 % at a
repeat IAP of 15 mmHg.
A third and fourth insufflation-run with addition and/or
reversal of NMB mostly showed a small further increase in
mean CO2 pneumoperitoneum volume with a small
decrease only at an IAP of 5 mmHg in group A (Table 2).
Mean internal working-space distances at all IAP levels
during the first insufflation-run are shown in Fig. 2. None
of the linear dimensions showed a statistically significant
difference between group A (no-NMB) and group B
(NMB) in the first or second insufflation-run (data not
shown).
Discussion
It seems logical to assume that NMB increases working
space during laparoscopy. This assumption, however, has
not been endorsed by the literature. In a study of pigs,
Chassard et al. did not find a positive effect of muscle
paralysis on working space [5]. Also in a clinical study in
young, non-obese gynecologic patients, Chassard et al.
could not demonstrate a positive effect [6]. In the guide-
lines on pneumoperitoneum of the European Association
for Endoscopic Surgery, nothing is written about NMB
[18]. The subject of NMB during laparoscopic surgery has
re-emerged in recent studies. Staehr-Rye et al. plan to
investigate the correlation between the level of muscle
paralysis and the surgeon’s interpretation of working space
[10]. This and most other studies use postoperative sur-
geon’s questionnaires on adequacy of exposure as an
endpoint [6, 9, 10]. The robustness of such subjective
evaluations can be questioned. Lindekaer et al. used the
distance from the trocar entrance to the promontory as a
more objective measure of working-space dimensions [19].
However, measuring the trocar distance before and after
NMB implies two measurements, inevitably introducing a
confounding effect of pre-stretching of the abdominal wall
[20]. Although no quantitative data on this pre-stretching
effect are available in human laparoscopy, we believe that
it should be taken into consideration when interpreting the
results of studies dealing with laparoscopic working space.
Our porcine laparoscopy model, as used in prior
experiments to investigate the effect of IAP, mechanical
bowel preparation, and pre-stretching of the abdominal
wall, abided by strict anesthesiologic and surgical protocols
[13, 20, 21]. In this way, the effect of NMB per se could be
Table 1 Cardiorespiratory parameters during the first insufflation-
run (mean values)
IAP 0 5 10 15
NMB: - ? - ? - ? - ?
MAP 72 77 75 90 76a 97a 76b 95b
HR 83 88 78 85 81 81 80 83
RR 26 24 26 24 26 24 28 24
PIP 20 20 20 20 24 24 30 29
ETCO2 5.3 5.7 5.5 6 5.9 6.4 5.9 6.6
IAP intra-abdominal pressure (mmHg), NMB neuromuscular block-
ade, AP antero-posterior, MAP mean arterial blood pressure (mmHg),
HR heart rate (beats/min), RR respiratory rate (breaths/min), PIP peak
inspiratory airway pressure (cmH2O), ETCO2 end-tidal CO2 (kPa)
a p = .038
b p\ .01 (independent samples t test)
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investigated. Moreover, we used objective measurements
from CT scanning for the determination of working-space
dimensions.
As in prior experiments, PIP and ETCO2 were shown to
increase at an IAP of 10 mmHg and higher in both groups.
However, a significant increase in MAP with CO2 insuf-
flation was found only in group B (1st run NMB). As seen
in Table 1, MAP and HR were not affected by NMB at
baseline [22]. A possible explanation for the increase in
































NMB − + − + − + − +
Internal AP ∅ 8,4 8,4 11,7 12,1 14,1 14,2 15,3 15,3
Internal transverse ∅ 23,7 23,6 23,5 23,4 23,2 23,3 23,2 23,2
Symphysis-diaphragm 36,3 36,4 37,0 37,2 37,7 38,1 37,9 38,4
Fig. 2 Working-space linear
dimensions (cm) during the first
insufflation-run (mean values).
No statistically significant
differences exist between group




Table 2 Mean volumes of CO2
pneumoperitoneum in milliliters
(SEM)
n number of animals,
SEM standard error of the mean,
IAP intra-abdominal pressure,
NMB neuromuscular blockade,
mmHg millimeters of mercury
Group A Insufflation-run ?
1st 2nd 3rd 4th
n = 8 IAP (mmHg) no-NMB no-NMB NMB Reversal
0 0 0 0 0
5 1,403 (183) 1,691 (220) 1,808 (210) 1,774 (235)
10 2,628 (235) 2,819 (263) 2,930 (266) 2,979 (282)
15 3,189 (262) 3,290 (271) 3,369 (281) 3,459 (284)
Group B Insufflation-run ?
1st 2nd 3rd
n = 8 IAP (mmHg) NMB NMB Reversal
0 0 0 0
5 1,572 (155) 1,870 (155) 1,912 (151)
10 2,812 (161) 3,042 (152) 3,174 (148)
15 3,386 (145) 3,516 (125) 3,660 (136)
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the interference of NMB with the reactions of the auto-
nomic nervous system [23, 24].
No statistically significant effect of NMB on laparo-
scopic working-space dimensions was found in our porcine
laparoscopy model. In contrast, there was an important
effect of pre-stretching of the abdominal wall irrespective
of NMB. The gain in CO2 pneumoperitoneum volume by
NMB in the third insufflation-run, after two insufflation-
runs without NMB, could also have been caused by an
extra insufflation-run and possible additional pre-stretch-
ing. The existence of such an additive effect could also
explain the ever-increasing volumes with consecutive
insufflation-runs, irrespective of paralysis-state or reversal
of NMB, found in this study.
Pre-stretching was not facilitated by NMB, also negating
its use for this purpose.
Most of the recent clinical studies [25] use deep neu-
romuscular block with a post-tetanic count of 1–2
responses, as opposed to the standard NMB with a TOF
count of 1–2 responses (e.g., BLISS study in patients
undergoing laparoscopic renal or prostatic surgery [26],
CURES study in morbidly obese patients undergoing ba-
riatric surgery [27]). Profound NMB with high dosage of
rocuronium almost inevitably requires reversal of NMB at
the end of the procedure. Both increase the cost of surgery
[28].
In our study with non-obese pigs, we used standard
NMB with a TOF of 0–1 responses. We feel this still
reflects a policy used in the majority of laparoscopic pro-
cedures in humans nowadays. Depth of anesthesia and
anesthetic drugs influences muscle tone [29]. The level of
anesthesia could also have influenced the effect of NMB on
working space in our experiments. This correlation
between depth of anesthesia and working space needs to be
investigated further.
Although we could not demonstrate a positive effect of
NMB on working-space dimensions, this does not negate
the role of NMB in the anesthesiologic management of
laparoscopic surgery. It is very effective in preventing
inadvertent, sudden patient movement, which is dangerous,
especially when working space is very limited as in small
children.
We realize that our study uses juvenile animals as a
model for a human (adult) population. Physiologic reac-
tions to CO2 pneumoperitoneum in pigs may differ from
humans [30]. Also, the anatomy of the pig’s abdominal
wall and pelvis differs from humans [31]. There are how-
ever enough similarities [32] to suggest the absence of a
significant positive effect of NMB on laparoscopic work-
ing-space dimensions as found in this experimental and
several clinical studies [6–8]. The lack of an objective
method of assessing working space in humans limits clin-
ical studies into laparoscopic working space at this time.
Conclusion
We found no evidence that NMB increases laparoscopic
working space in the porcine laparoscopy model as
described. Studies dealing with working space during lap-
aroscopy should take note of pre-stretching bias.
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